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ARTICLE INTFO ABSTRACT

Keywords: Objective. The aim of this study was to evaluate the penetration depth of silver into sound
Silver diammine fluoride and demineralized dentin after application of silver diamine fluoride (SDF).

Silver penetration Methods. Two hundred and eighty-eight dentin specimens were used. The specimens were
Discoloration divided into 3 groups: (1) sound dentin (control), (2) 30 min EDTA-treated dentin; and (3)
Micro-PIXE/PIGE 13h EDTA-treated dentin. SDF was applied to all specimens. Each group was divided into
Dentin 3 subgroups according to storage time into: 24h, 2 weeks and 1-year storage time. Each

subgroup was further divided into four subgroups (n = 8) according to different examinations
as optical microscope (OM) observation, scanning electron microscopic (SEM) observation,
elemental analysis with energy dispersive spectroscopy (EDS) and Micro-PIXE test.
Results. The OM showed discoloration in the superficial layer after 24 h and keep extending
deeper after 2 weeks and 1-year. SEM showed silver crystals within dentinal tubules after
2 weeks and 1-year. EDS analysis can detect silver penetration only in the 1-year group
reaching around 1200 pm inside dentin. Micro-PIXE test detected silver at all time intervals,
confirming the EDS depth results.
Significance. It can be concluded that silver ions can completely infiltrate the demineralized
dentin lesion with further penetration into the underlying mineralized dentin.
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1. Introduction

The minimal intervention philosophy principally promotes
preservation of tooth structure, and, therefore places preven-
tion and arresting dental caries as the first line of management
of the disease [1]. Currently, studies are focusing on improving
the antibacterial properties of biomaterials by using elements
such as silver. Several antimicrobial dental products based on
silver have been studied, including dental adhesives, silver-
doped hydroxyapatite and primers [2].

Silver (Ag) has a long history of use in both the medical
and dental fields since the 1800s because of its antimicrobial
and anti-caries properties [3]. The combination of silver and
fluoride was advocated for the combined beneficial effects of
being anti-microbial and potentially aiding remineralization
of teeth affected by dental caries [4]. In the late 1960s, silver
diammine fluoride (SDF) was introduced in Japan. It showed
good chemical stability compared with previous silver fluo-
ride compounds [5]. Recently, the United States Food and Drug
Administration approved the clinical use of SDF as it matches
the goals for 21st century medical care of the World Health
Organization [4].

SDF increases the resistance of tooth structures against
demineralization, is believed to enhance remineralization [6]
and reduces the formation of biofilm on tooth surfaces [7].
The potent anti-bacterial action of SDF against cariogenic
bacteria has been attributed to the presence of silver ions
[8].

SDF is considered a simple, non-invasive and cost-effective
treatment modality to arrest dental caries [9,10]. However,
it still has several unwanted effects including discoloration
[4,11] and potential pulpal irritation [12] due to penetration
and deposition of silver particles within dentinal tubules and
its high pH. In addition, the high concentration of Ag ions in
SDF may affect the conformation of dentin collagen [13,14].

In order to more fully understand the reaction behavior
between SDF and dentin, the distribution of silver (Ag) and
fluorine (F), which are the major elements within SDF, should
be visualized. The scanning electron microscope-based ele-
mental analysis methods (e.g. X-ray micro analysis (XMA) or
SEM-energy dispersed spectroscopy (SEM/EDS)) are commonly
used to determine the elemental distribution within a mate-
rial. However, the sensitivity for Ag and F analysis with the
above methods has a low resolution, therefore, making iden-
tification and analysis of the ionic distribution throughout
dentin difficult analyze. Micro-focused particle induced X-ray
emission (PIXE) and particle induced gamma-ray emission
(PIGE) analysis uses the characteristic X-rays and y-rays gen-
erated by accelerated protons (or charged particles) to detect
elements. PIXE has a high sensitivity especially for ‘heavy’ ele-
ments, e.g. Ag. [15,16]. Fluorine is a ‘light’ element and difficult
to detect using characteristic X-rays, because the characteris-
tic X-ray of Fis of low energy. However, PIGE detects the prompt
y-rays (which have much higher energy at around 110keV)
generated from F. Therefore, F could be effectively detected
by PIGE [17]. PIXE and PIGE can be undertaken simultaneously
by using different detectors for X-rays and vy-rays. Therefore,
micro-PIXE/PIGE were applied to reveal Ag, F and the distribu-
tion of other elements in dentin.

Thus, the aim of this study was to evaluate the penetration
depth of silver into sound and demineralized dentin after the
application of 38% SDF and the relationship between silver
penetration and discoloration. The null hypothesis was that
silver can only penetrate demineralized bovine dentin without
penetrating further into the underlying sound dentin.

2. Materials and methods
2.1. Specimens preparation

A total of 288 bovine dentin specimens were used in this study.
The specimens (6 x 6 x 2 mm) were prepared from the cervical
portion of the bovine incisor root. Specimens with cracks or
showing heavy cervical tooth loss and sclerosis were excluded.
Teeth were cut horizontally at the cemento-enamel junction
to separate the crown from the root portion, then the root
was cut vertically to obtain dentin specimens from the buc-
cal and lingual surfaces of cervical portion using a low-speed
diamond saw (Isomet 1000, Buehler, Lake Bluff, IL, USA) under
copious water coolant. The surfaces of the specimens were
ground using a series of silicon carbide papers (SiC) (600-2,000-
grit, Fuji Star, Sankyo Rikagaku, Saitama, Japan) under running
water to flatten the dentin surface, then ultra-sonicated in
deionized water (DW) (Milli-Q water; Millipore, Billerica, MA,
USA) for 3min.

The specimens were randomly divided into three groups:
the first group received no treatment (control), while the
remaining two groups were demineralized with 0.5M ethy-
lene diamine tetra-acetic acid adjusted to pH 7.5 (EDTA:
Decalcifying Soln. B, Wako Pure Chemical Industries, Osaka,
Japan) for either 30min or 13h, respectively (EDTA 30min
and EDTA 13h), and then rinsed in distilled water for 10s.
A swept-source optical coherence tomography (SS-OCT) sys-
tem (IVS-2000, Santec, Komaki, Japan) was used to assess the
depth of dentin demineralization treated with the EDTA solu-
tion. Mean lesion depths were confirmed at 80+2.5um for
the 30 min EDTA-treated group and 200+ 3.5 um for the 13h
EDTA-treated group, respectively.

Thirty-eight percent silver diammine fluoride (SDF)
(Saforide, Bee Brand Medico Dental, Osaka, Japan) was applied
to dentin surfaces for 1min with agitation using a micro-
brush, then left for 2min and rinsed with distilled water for
30s.

Each group was divided into 3 subgroups according to
storage time: 24h, 2 weeks and 1-year. Each subgroup was
further divided into a further four groups (n==8) according to
different microscopic evaluations, namely light microscope
observation, scanning electron microscopy (SEM), elemental
analysis with energy dispersive spectroscopy (EDS) and micro-
PIXE/PIGE analysis. All specimens were stored at 100% relative
humidity using wet tissue paper (renewed every week) and
incubated at 37 °C during the time of the experiment. (Fig. 1)

2.2.  Light microscope observation

After the storage periods, specimens were sectioned along the
long axis of the tooth into two halves using a diamond blade
(Isomet). The exposed cross-sectional surfaces were polished
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Fig. 1 - Illustration of specimen preparation. N =8 for each analytical step.

using 600-2,000-grit SiC papers under running water and son-
icated in distilled water for 3 min to remove the smear layer.
Then the specimens were observed using a light microscope
(LM, Nikon SMZ1000, Nikon Corp., Tokyo, Japan) at 3x magni-
fication to determine the depth of discoloration.

2.3.  SEM/EDS point analysis observation

After the three storage periods (24h, 2 weeks and 1-year),
the specimens were fixed using 2.5% glutaraldehyde for 2h at
4°C for primary fixation, followed with 0.1% osmium tetroxide
solution for 2h at 4°C for secondary fixation then dehydrated
in ascending concentrations of ethanol (50%, 70%, 80%, 90%
and 95% for 25 min each; then, twice in 100% for 25 min each).
[18]

Prior to sputter-coating with osmium tetroxide (4 nm layer
thickness), each specimen was fractured down the middle
with pliers along a pre-prepared groove. The fractured sur-
faces were observed using a field emission scanning electron
microscope (SEM) (FE-SEM, S-4500, Hitachi Ltd., Tokyo, Japan)
with operating conditions of 15kV. Elemental point analysis
for the fractured surfaces of the specimens was undertaken
to detect the presence and distribution of phosphorous (P),
calcium (Ca) and silver (Ag) ions via energy dispersive X-ray
spectroscopy (EDS).

2.4.  Elemental line analysis with EDS

After each storage time, a further set of specimens was
embedded in polymethymethacrylate (Unifast III, GC, Tokyo,
Japan) and sectioned along the long axis of the tooth into
two halves using diamond blade (Isomet). The exposed cross-
sectional surfaces were treated with 1% acetic acid for 5s and
washed with ultra-sonication in distilled water [13]. The spec-
imens were sputter-coated with carbon. Lines were randomly
selected from the surface of the specimen towards the pulp.
Elemental analysis was performed to identify calcium (Ca),
phosphorous (P) and silver (Ag) ions via EDS under SEM (JSM-

IT100 SEM, JEOL Ltd., Tokyo, Japan) with operating conditions
of 15kV.

2.5.  Micro-PIXE/PIGE analysis

Stored specimens, for the two time periods, were sectioned
to a thickness of approximately 0.5mm using a low-speed
diamond saw (Isomet) using water coolant. The sectioned
specimens were polished to a thickness of less than 100 pm
(Speed Rap ML-521-d, Maruto Instrument CO, Tokyo, Japan).
Following this, the polished SDF-treated dentin was pre-
pared for the Micro-PIXE analyses that were conducted at
the National Institute of Radiological Sciences (Chiba, Japan).
An accelerated micro-focused proton beam (3.0MeV, 2 um
beam diameter) with raster scanning was applied over the
target area of the specimen (maximum area 1.2 x 1.2mm).
The generated characteristic X-rays and prompt vy-rays from
F (110keV) were collected using Si (Li) and CdTe detectors to
obtain the elemental distribution images and the characteris-
tic X-ray/y-ray spectra. The obtained data were processed with
analysis software (OMDAQ2007, Oxford Microbeams, Bicester,
UK), and the elemental distribution images were generated.
The cumulative depth profiles of F, Ca, and Ag were calculated
by using image analysis software (Image]J, Ver1.46r, National
Institutes of Health, USA) from each elemental distribution
image. Smoothing of the depth profile of F was applied to sup-
press the noise because the y-ray counts derived from F were
quite low.

3. Results
3.1.  Light microscope observations

The optical microscopic images of the specimens are shown
in Fig. 2. After 24h storage, the optical microscope cross-
sectional images showed that discoloration was limited to
the surface in the control group (Fig. 2a) and to the dem-
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Fig. 2 - Light microscope cross-sectional images of SDF-treated dentin at 3x magnification, (a) sound dentin after 24h
storage; (b) 30 min EDTA-treated dentin after 24 h storage; (c) 13-h EDTA-treated dentin after 24 h storage; (d) sound dentin
after 1-year storage; () 30 min EDTA-treated dentin after 1-year storage; and, f. 13-h EDTA-treated dentinafter 1-year
storage. (Yellow dotted line indicates maximum depth of discoloration) (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article).

ineralized dentin in the EDTA-treated groups without deeper
discoloration (Fig. 2b,2c).

After 2-weeks storage, the discoloration extended to a
depth of 720+1.5pm in all groups other than the 24h
groups. However, after 1-year storage, the depth of visible
discoloration in the sound group was recorded at a depth
of 1150+2.5um (Fig. 2d). The depth of discoloration was
greater in the 30min EDTA-treated dentin group record-
ing a depth of approximately 1400 um (Fig. 2e). In the 13h
EDTA-treated dentin group, the discoloration depth extended
along the whole cross-sectioned surface of the specimens
with the demineralized zone recording the darkest color
with a gradual decrease in intensity towards the pulp
(Fig. 2f).

All dentin groups showed the advancement of discol-
oration depth through time which was more aggressive in
the demineralized dentin groups than the sound dentin group

(Fig. 3).
3.2 SEM/EDS observation

Observation started 5-10 pm below the surface of the spec-
imen. The morphological analysis after 24h storage showed

multiple spherical particles within the dentinal tubules in
the sound dentin (Fig. 4a). However, fewer spherical particles
appeared in the 30 min EDTA-treated group (Fig. 4b) while the
13h EDTA-treated group showed tubules without any deposits
(Fig. 4c). After 2-weeks storage, SEM images showed a dra-
matic decrease in the number of the spherical particles in
the sound dentin group (Fig. 4d), while no particles were
observed in the 30 min EDTA-treated group (Fig. 4e). The 13h
EDTA-treated group showed crystal-shaped particles within
dentinal tubules near the surface (Fig. 4f). After 1-year of stor-
age, a few crystals were observed in the sound dentin group
(Fig. 4g). However, in the demineralized dentin groups mul-
tiple crystal formations beneath the surface and decreasing
in number towards the pulpal direction in the demineralized
dentin groups were observed (Fig. 4h and i). The EDS point
analysis for the spherical particles that appeared in the sound
dentin group and 30 min EDTA-treated dentin group, showed
a peak for calcium and a low peak for fluoride which may
indicate the particles were calcium fluoride (Fig. 5), as spec-
ulated in previous studies [19], while the EDS point analysis
for the crystal-shaped particles found in the 13h EDTA-treated
group, showed a high peak for silver suggesting the formation
of silver crystals (Fig. 5).

Discoleaion deplh ~120 i
depth

30 min
EDTA-treated
Dentin

Pulpal area Pulpal area

13 hEDTA-
treated Dentin

Pulpal area

Fig. 3 — Schematic Illustrative diagram summarizing the data obtained from Light microscopic cross-sectional images, (a)
Sound dentin, (b) 30 min EDTA-treated dentin; and, (c) 13-h EDTA-treated dentin.
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Fig. 4 - Fractured cross-sectional SEM images for SDF-treated dentin, (a) sound dentin after 24 h storage; (b) 30 min
EDTA-treated dentin after 24 h storage; (c) 13h EDTA-treated dentin after 24 h storage; (d) sound dentin after 2-weeks
storage; (e) 30 min EDTA-treated dentin after 2-weeks storage; (f) 13 h EDTA-treated dentin after 2-weeks storage; (g) sound
dentin after 1-year storage; (h) 30 min EDTA-treated dentin after 1-year storage; and, (i) 13h EDTA-treated dentin after 1-year

storage.
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Fig. 5 - EDS point analysis for the spherical particles in
sound dentin and 30 min EDTA-treated dentin groups

(black) and, crystals in 13 h EDTA-treated dentin group (red).

(arrows refer to particles formed within the dentinal
tubules) (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of
this article).
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3.3.  EDS line analysis

The elemental line analysis after 24h and 2 weeks, could
not detect silver in all groups. However, after 1year of stor-
age the analysis showed silver had penetrated up to 1000 pm
into the sound dentin specimens while in the demineralized
specimens silver penetrated throughout the whole thickness
of the demineralized zone and further penetration into the
sound dentin beneath the demineralized zone, reaching a
depth around 1750 um from dentin surface with the highest
concentration of silver observed at the junction between dem-
ineralized and mineralized dentin zones. (Fig. 6)

3.4.  Micro-PIXE/PIGE analysis

Fig. 7 shows the typical X(y)-ray spectra for entire region of
analysis. The lower energy spectrum was provided by the Si(Li)
detector (Fig. 7A) and the higher energy spectrum was pro-
vided by the CdTe detector (Fig. 7B). The characteristic X-rays
from P, S, Ca, Zn, and Ag could be identified (Fig. 7A). (Cr and Ni
were also detected in the background.) The characteristic X-
rays from Ag and the prompt y-ray from F could be identified
(Fig. 7B). The typical elemental distribution images obtained by
the element specific X(y)-rays are shown in Fig. 8 for the 30 min
EDTA-treated dentin specimen after 1-year of storage. Sulfur
(S) was homogeneously detected throughout the dentin; thus,
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Fig. 6 — EDS line analysis image of the 13h EDTA-treated dentin with SDF application after 1-year storage.

the specimen shape and the surface layer position could be
identified from the image of the S distribution. In compari-
son with the S and Ca distribution images, demineralization
of the surface layer was observed in the Ca image (dotted line),
which suggests the loss of surface mineralization. Ag showed
a higher concentration at the dentin surface and the concen-
tration gradient that decreased toward the pulpal side was also
easily visualized. The prompt y-ray from F was not very strong,
therefore, the distribution image of F was not as clear as for
the other elements detected. However, it appeared as is the F
was absorbed along the dentin surface.

In order to reveal the depth profile of Ca, Ag, and F, the
cumulative profiles were calculated from the elemental dis-
tribution images as the function of the X(y)-ray intensity and
the depth from the dentin surface in the 1-year storage group
as shown in Fig. 9 for the sound dentin group and Fig. 10 for
the demineralized dentin groups. Penetration of Ag and its
internal diffusion was clearly shown in the depth profiles of
specimens, proving that silver can penetrate the whole thick-
ness of the demineralized zone with further penetration into
the underlying mineralized dentin to a total penetration depth
of more than 1000 pm.

Intensity (cps)

0 5 10 15 20 25
Energy (keV)

The Micro-PIXE test showed no noticeable differences in
the silver penetration depth among the different storage times
(24h, 2 weeks and 1 year) within the same group, indicating
that silver can penetrate deeply once applied and penetration
depth is almost not affected by time. The depth profile of F was
not as clear as the other element profiles. However, a similar
internal diffusion pattern as Ag could be observed.

4, Discussion

The present study evaluated the penetration depth of silver
ions into the demineralized and sound dentin using scanning
electron microscope-based elemental analysis methods and
Micro-focused particle induced X-ray emission (PIXE) and par-
ticle induced gamma-ray emission (PIGE) analysis. The results
indicated that silver penetrated the demineralized lesion com-
pletely with further penetration into the underlying sound
dentin. Based on the findings of the current study, the null
hypothesis was rejected.

In the current study, bovine teeth were used as a substitute
for human teeth, as both human and bovine teeth show good

B

T T T T T T T T T

—_
(=)
w

Intensity (cps)
2

—
(=}

10°

120

20 40 60 80
Energy (keV)

100

Fig. 7 - Typical X(y)-ray spectra for the entire specimen obtained by micro PIXE/PIGE, (A) lower energy spectrum provided by
the Si(Li) detector. (B) higher energy spectrum provided by the CdTe detector.
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Fig. 8 - Typical micro PIXE/PIGE elemental distribution images obtained by those element specific X(y)-rays in a 30 min

EDTA-treated dentin after 1-year storage.

similarities in structure and chemical composition as human
dentin [20].

Ethylene diamine tetra acetic acid (EDTA) is a strong cal-
cium chelating agent which can demineralize the dentin
without altering the collagen structural conformation [21].

Optical coherence tomography (OCT) is a non-invasive method
with higher sensitivity and specificity than radiographic meth-
ods [22]. It has been proven to be a promising method for
detecting demineralized dentin lesions [23]. The mean dem-
ineralized dentin thicknesses after EDTA treatment measured
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Fig. 9 - (A) Micro-PIXE/PIGE depth profile of Ca, Ag, and F in the sound dentin group after 1-year storage, (B) Elemental
distribution of Ag inside sound dentin group after 1-year storage.
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Fig. 10 — Micro-PIXE/PIGE depth profile of Ca, Ag, and F in the demineralized dentin group after 1-year storage, (A) 30 min
EDTA-treated dentin group, (B) 13 h EDTA-treated dentin group.

with OCT for 30min and 13h were 80 and 200 pm, respec-
tively.

SDF is a colorless topical solution in which its chemical
structure [Ag (NHs), F] consists mainly of a diammine silver
ion complex [Ag (NH3),]* and fluoride ions (F~). When SDF is
applied to tooth structures, silver ions are released from the
diammine silver ion complex [24]. These silver ions are highly
reactive and have a high polarizing power [4], consequently
part of the silver ions react with hydroxyapatite forming sil-
ver phosphate (AgsPO4) and the other part is reduced by the
proteins (collagen) resulting in metallic silver attached to the
protein (silver-protein complex). However, the silver phos-
phate crystals are unstable and reduce to silver ions to form
metallic silver [25]. Once formed, silver crystals are round [18]
in shape being a few nano-meters in size and by the time
the crystals aggregate they form hexagonal- or square-shaped
crystals of a sub-micrometer size [26].

A previous study mentioned that silver and fluoride ions
from SDF can penetrate from 50 to 200 pm into the dentin.
However, the study assessed the “remineralization depth”
using a micro-hardness test [27] which is not applicable and
not accurate for silver penetration. Willershausen et al men-
tioned that silver can only penetrate up to 40 um into the
dentin due to the large size of silver crystals [28]. In the current
study the depth of silver penetration into sound and deminer-
alized dentin was assessed using light microscopy, SEM, EDS
and a micro-PIXE/PIGE test.

The findings of the light microscopy provided images of
the discoloration depth which can be regarded as an indicator
for the penetration depth of the SDF and therefore of silver
penetration. Silver ions released from SDF have a high affinity
for protein (collagen), so the more collagen exposed, the more
silver uptake, and the faster the color change. Therefore, the
greater amount of exposed collagen in demineralized dentin
will lead to more silver uptake and its reduction to metallic
silver, resulting in a darker color change within a short time.
[18]

After 24h storage, the discoloration was confined to the
surface in the control group as silver with higher concentra-
tion on the surface was directly exposed to light and heat
which will cause rapid reduction of silver ions into crystals
[25]. This rapid maturation and deposition of silver crystals
will cause a faster color change [11] while crystals inside denti-

nal tubules may still be nanometer-sized and disperse along
the tubules [13]. In the demineralized group the whole thick-
ness of the demineralized dentin zone was discolored because
of the rapid reduction of silver ions due to the exposed collagen
network [25]. The discoloration started to appear in the intact
dentin after 2-weeks storage. However, after 1-year of stor-
age theimages showed prominent discoloration that extended
along the full thickness of the demineralized zone with dis-
coloration extending into the underlying sound dentin with a
gradual decrease in the discoloration intensity as the concen-
tration of the penetrating silver decreased towards the pulp.

Fluoride ions released from SDF will react with hydroxyap-
atite (HAp) forming calcium fluoride (CaF,). Calcium fluoride is
important because it acts as a temporary reservoir of fluoride
ions which release F ions at low pH, promoting remineral-
ization by facilitating formation of fluoroapatite (FAp) [19,29].
Regarding the calcium fluoride formation, the calcium arising
from some the dissolution of HAp reacts with fluoride ions to
form calcium fluoride which was detected by EDS as globu-
lar spherical particles. However, the amount of CaF, greatly
decreased and disappeared over time as it is easily dissolved
[30,25,29].

In the current study, we used different magnifications while
observing the surface morphology of the samples to focus on
the area of interest and to highlight the differences between
different groups. In addition, the high variation in particle size
made it more difficult to obtain images with same magnifi-
cation among different groups. silver could not be detected
after 24 h storage using SEMEDS as most of the silver crystals
formed were still nanometers in size which was difficult to
detect due to the low magnification and resolution of SEMEDS
[19,13]. After 2-weeks storage, SEM and EDS point analysis was
able to detect silver crystal formation as the silver crystals had
coalesced to form sub-micrometer sized crystal formations
[11]. However, the depth of penetration could not be assessed
using EDS line analysis as the concentration of the deposited
silver crystals was still not great enough for detection.

After 1-year of storage, the depth of silver penetration was
able to be measured using EDS line analysis, as almost all silver
ions were reduced to a mature silver crystal formation. Silver
penetration was detected along the whole thickness of dem-
ineralized zone with further penetration into the underlying
sound dentin.
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In this study, micro-PIXE/PIGE was applied for the esti-
mation and visualization of Ag and F (which are component
atoms of SDF) and Ca and S (which are component atoms
of dentin). PIXE has a higher sensitivity for heavy ele-
ments compared with electron microscope derived elemental
distribution analytical methods (e.g. SEM/EDS or electron
microscope micro-analysis (EPMA)) [31]. In addition, PIGE
can detect F with greater sensitivity compared to SEM/EDS.
Therefore, the distribution of the above elements could be
successfully visualized. Ca distribution images visualized the
surface demineralization by EDTA treatment well, and the
thickness of the demineralized zone was in good agree-
ment with the light microscope observations. Ag distribution
images and depth profiles showed a clear concentration gra-
dient from the dentin surface toward the inner parts of the
mineralized dentin. The Fimages and profiles were not as clear
as those for Ag. However, a similar internal diffusion pattern as
Ag could be observed. These results suggest the simultaneous
penetration of Ag and F derived from SDF with the penetration
depths being able to be successfully visualized.

From the current research, silver penetration resulting
from SDF application to dentin was deeper than previously
reported. The relationship between discoloration and silver
penetration depth was also clearly observed. However, the
composition of silver deposition remains unclear and further
studies are needed to more fully understand the reactions
between SDF and dentin.

5. Conclusion

Silver ions can infiltrate demineralized dentin lesion com-
pletely with further penetration into the underlying sound
dentin. Silver penetrates deeply once applied to dentin while
discoloration depth increases with time. Time is a crucial fac-
tor for silver maturation and detection. The higher the degree
of dentin demineralization the faster the silver deposition rate
with deeper depth of penetration.
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